KDML105' rice, known as jasmine rice, is grown in northeast Thailand. The soil there has high salinity, which leads to low productivity. Chromosome substitution lines (CSSLs) with the 'KDML105' rice genetic background were evaluated for salt tolerance. CSSL18 showed the highest salt tolerance among the four lines tested. Based on a comparison between the CSSL18 and 'KDML105' transcriptomes, more than 27,000 genes were mapped onto the rice genome. Gene ontology enrichment of the significantly differentially expressed genes (DEGs) revealed that different mechanisms were involved in the salt stress responses between these lines. Biological process and molecular function enrichment analysis of the DEGs from both lines revealed differences in the two-component signal transduction system, involving LOC_Os04g23890, which encodes phototropin 2 (PHOT2), and LOC_Os07g44330, which encodes pyruvate dehydrogenase kinase (PDK), the enzyme that inhibits pyruvate dehydrogenase in respiration. OsPHOT2 expression was maintained in CSSL18 under salt stress, whereas it was significantly decreased in 'KDML105', suggesting OsPHOT2 signaling may be involved in salt tolerance in CSSL18. PDK expression was induced only in 'KDML105'. These results suggested respiration was more inhibited in 'KDML105' than in CSSL18, and this may contribute to the higher salt susceptibility of 'KDML105' rice. Moreover, the DEGs between 'KDML105' and CSSL18 revealed the enrichment in transcription factors and signaling proteins located on salt-tolerant quantitative trait loci (QTLs) on chromosome 1. Two of them, OsIRO2 and OsMSR2, showed the potential to be involved in salt stress response, especially, OsMSR2, whose orthologous genes in Arabidopsis had the potential role in photosynthesis adaptation under salt stress.
. Simple sequence repeat (SSR) markers in the salt-tolerant quantitative trait locus (QTL) region [5] of the rice lines used in this study. Black indicates the genomic DNA from DH212, the donor parent, and the gray indicates the genomic DNA from 'KDML105', the recurrent parent. The chromosome substitution lines (CSSLs) were checked with SSR markers in other regions of the genome and >95% were in the 'KDML105' genome.
Physiological Trait Evaluation
The experiments were conducted in a greenhouse at the Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok, Thailand. Rice seeds were germinated for 5 days in 150 mL plastic cups filled with distilled water, then transferred to a plastic pot containing clay soil following [5] under natural conditions in a greenhouse. The average temperature was 29.6 °C, humidity was 65%-70%, and the day length was 12 hours/day. For the salt stress treatment, 75 mM or 150 mM NaCl (Dominion Salt, New Zealand) was added to the nutrient solution as described below.
To evaluate leaf water potential, the four selected CSSLs (CSSL11, CSSL14, CSSL18 and CSSL22) and the parental lines, 'KDML105' and DH212, as well as the salt-tolerant standard, 'Pokkali' rice, and salt-susceptible standard, IR29, were grown in soil with full irrigation for 21 days. Then, the seedlings were separated into three groups and a completely randomized design was used to evaluate the response. One group was maintained under the normal conditions. The second and third groups were treated by adding 75 mM or 150 nM NaCl to the nutrient solution, respectively. Leaf water potential was determined by selecting the youngest fully expanded leaf of each seedling at 0, 4, 8, and 12 days after treatment at midday (11:00-13:00) with the Plant Water Status Console (model 3005) (Soilmoisture Equipment Corp., USA).
To compare the salt injury scores, fresh weights, and relative growth rates among the seedlings of all lines, the seedlings were grown in clay soil as described above. Salt stress was induced by adding 75 mM NaCl to the nutrient solution. Salt injury scores were determined following the standard evaluation system for salinity tolerance at the seedling stage in rice [7] daily after NaCl treatment for 6 days. Root and shoot fresh weights were determined after 14 days of salt stress and relative growth rate (RGR) was calculated as follows:
where: W1 = fresh weight at the first time point, W2 = fresh weight at the second time point, t1 = first time point, t2 = second time point.
The experiment was performed using a completely randomized design with three replications. Each replication consisted of three samples.
RNA Extraction and Illumina Sequencing
Leaf tissues were collected for each genotype 0 and 2 days after the salt stress treatment. Plant RNA Purification Reagent (Thermo Fisher Scientific, Waltham, MA, USA) was used to extract total RNA. DNA was removed from the total RNA using DNase I, amplification grade (Thermo Fisher Scientific, Waltham, MA, USA). A KAPA Stranded mRNA-Seq Kit (Kapa Biosystems, Wilmington, MA, USA) was used to construct the RNA-Seq libraries. All the steps were quantified using a Qubit Figure 1 . Simple sequence repeat (SSR) markers in the salt-tolerant quantitative trait locus (QTL) region [5] of the rice lines used in this study. Black indicates the genomic DNA from DH212, the donor parent, and the gray indicates the genomic DNA from 'KDML105', the recurrent parent. The chromosome substitution lines (CSSLs) were checked with SSR markers in other regions of the genome and >95% were in the 'KDML105' genome.
Physiological Trait Evaluation
The experiments were conducted in a greenhouse at the Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok, Thailand. Rice seeds were germinated for 5 days in 150 mL plastic cups filled with distilled water, then transferred to a plastic pot containing clay soil following [5] under natural conditions in a greenhouse. The average temperature was 29.6 • C, humidity was 65-70%, and the day length was 12 h/day. For the salt stress treatment, 75 mM or 150 mM NaCl (Dominion Salt, New Zealand) was added to the nutrient solution as described below.
where: W 1 = fresh weight at the first time point, W 2 = fresh weight at the second time point, t 1 = first time point, t 2 = second time point. The experiment was performed using a completely randomized design with three replications. Each replication consisted of three samples.
RNA Extraction and Illumina Sequencing
Leaf tissues were collected for each genotype 0 and 2 days after the salt stress treatment. Plant RNA Purification Reagent (Thermo Fisher Scientific, Waltham, MA, USA) was used to extract total RNA. DNA was removed from the total RNA using DNase I, amplification grade (Thermo Fisher Scientific, Waltham, MA, USA). A KAPA Stranded mRNA-Seq Kit (Kapa Biosystems, Wilmington, MA, USA) was used to construct the RNA-Seq libraries. All the steps were quantified using a Qubit RNA Genes 2019, 10, 742 4 of 17 HS Assay Kit or Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA). Three libraries for each of the groups were loaded into the Illumina HiSeq 3000 sequencing system (Illumina, San Diego, CA, USA) and sequenced using the 50SE (single end) strategy.
Transcriptome Data Analysis
The short-sequence reads from the Illumina sequencing system were grouped into the categories using the pipeline developed by Missirian et al. [8] . The sequence reads were aligned and mapped to the rice genome database (RGAP 6.0) using Bowtie 2 [9] and TopHat [10] .
Identification of Differentially Expressed Genes
Differentially expressed genes (DEGs) were identified using the DESeq package (version 1.24.0) [11] . Transcripts with a log2 fold change ≥1 (upregulated genes) and ≤1 (downregulated genes), and DEGs with a p-value cut off ≤0.05 adjusted with the Benjamini-Hochberg procedure were considered significant.
Gene Ontology Enrichment and Pathway Analysis
Gene ontology (GO) enrichment was performed for the DEGs using the BiNGO plug-in (version 3.0.3) [12] on the Cytoscape platform (version 3.4.0; http://www.cytoscape.org/). The GO biological process and molecular function annotations for rice were used for the enrichment analysis. A p-value cut off ≤0.05 was considered significant and a hypergeometric test was applied to identify enriched GO terms in BiNGO. The pathway analysis of the DEGs was performed using MapMan (version 3.5.1; http://mapman.gabipd.org/web/guest) [13] with a p-value cut off ≤0.05.
Gene Expression Analysis
A total of 1 µg of DNase-treated total RNA was converted into complementary DNA (cDNA) using an iScript cDNA Synthesis Kit (Bio-rad, Hercules, CA, USA). The total volume of the RT-qPCR reaction was 10 µL, consisting of 5 µL SYBR green fluorophore (Biotech Rabbit, Hennigsdorf, Germany), 0.25 µL of 2.5 mM forward and reverse primers, 1 µL cDNA, and 3.50 µL water. The PCRs were run on a Bio-Rad CFX Real-Time Thermal Cycler (Bio-rad, Hercules, CA, USA). Three technical replicates (triplicates) were performed for each biological replicate. The rice elongation factor 1α gene (EF1a; LOC_Os03g08030) was used as a reference. Relative expression levels were calculated by the 2 −∆∆CT method following [14] .
Determination of the Involvement of the Predicted Genes in Salt Stress Response by Using Homolog Arabidopsis Mutant Lines
Arabidopsis mutants were ordered from the Arabidopsis Biological Resource Center. The homozygous T-DNA insertion mutant lines [15] were selected for further characterization. Arabidopsis seeds were germinated in 1/2 MS media [16] after stratification at 4 • C for 2 days. Five-day-old seedlings were transplanted to grow on materials composed of peat (Klasmann-Deilmann, Geeste, Germany): perlite (RHP, s-Gravenzande, Netherlands): vermiculite (RHP, s-Gravenzande, Netherlands) at the ratio 3:1:1. Plants were grown in a growth room at 25 • C with a light intensity 50 µmole m −1 s −1 at 16 hours a day. The stress response experiment was done with 15-day-old seedlings in complete randomized design (CRD) with four replicates. The plants were separated into two treatments for normal growth (control) and salt stress. For salt stress treatment, seedlings were treated with 250 mM NaCl solution, while filtered water was used in the control set. After treatment for 7 days, the quantum yield efficiency of the photosystem II (F v /F m ) and photosynthetic performance index (P i ) were measured on 40 min dark adapted leaves with a Pocket PEA rapid screening chlorophyll fluorimeter (Hansatech Instruments, Norfolk, UK). Then, fresh and dry weights of above ground tissues were determined. RGR of all lines were also determined by collecting the above-grown tissues at the beginning and end (7 days after treatment) of the experiment and calculated with the equation shown in (1).
Results

CSSL18 Has Higher Salt Tolerance than 'KDML105'
When the seedlings were grown under normal conditions, the leaf water potential of all the lines was similar at about −0.25 mPa ( Figure S1A ). When the seedlings were subjected to salt stress, the leaf water potential of the different lines declined at different rates, resulting in significantly different leaf water potentials at certain time points ( Figure S1 ). The leaf water potentials of the tested lines showed significant differences after 12 days of 75 mM NaCl treatment, (Figure 2A ) and after only 8 days of 150 mM NaCl treatment ( Figure 2B ). 'Pokkali' and CSSL18 had the highest leaf water potential under both salt stress conditions, including being higher than the 'KDML105' leaf water potential, when grown under the same conditions. 'Pokkali' had the highest shoot and root fresh weights when the seedlings were treated with 150 mM NaCl for 14 days. CSSL18 and 'KDML105' had similar shoot fresh weights, which were significantly lower than the shoot fresh weight of DH212. The other CSSLs and IR29 had shoot fresh weights that were lower than those of both parents ( Figure 3A ). However, CSSL14 and CSSL18 had higher root fresh weights than both parents ( Figure 3B ). Genes 2019, 10, x FOR PEER REVIEW 7 of 17 
Comparison of the Transcriptomes of CSSL18 and 'KDML105' Rice Seedlings
To prepare the leaf tissues for the transcriptomic study, CSSL18, 'KDML105', and 'Pokkali' rice seedlings were grown for 21 days and subjected to salt stress by adding 75 mM NaCl into the nutrient solution. The salt injury score (SIS) was collected daily for 6 days after salt stress. The control set had an SIS of one, suggesting the growing system was proper. The SIS of 'KDML105' was higher than the SIS of the other two lines after 2 days of salt stress, and was the significantly highest SIS after 6 days under salt stress ( Figure 4 ). Therefore, we collected leaf tissues of CSSL18 and 'KDML105' after salt stress treatment for zero and two days for transcriptome analysis to investigate early changes in gene expression that may affect the salt-tolerant phenotype of CSSL18.
Clean cDNA reads from the 'KDML105' transcriptome were mapped onto the rice reference genome [17] . They identified 27,610 loci. After two days of salt stress, 1167 genes were significantly differentially expressed compared with their expression at zero days; 584 genes were upregulated and 583 genes were downregulated (Table S1) .
The clean reads from the CSSL18 transcriptome mapped to 28,064 loci on the rice reference genome. After two days of salt stress, 920 genes were significantly differentially expressed compared with their expression at zero days; 473 genes were upregulated and 447 genes were downregulated (Table S2 ). Relative growth rate (RGR), measured on the dry weight of the above ground tissues, was determined at two time periods, zero to seven days and 7-14 days after salt stress. Among the CSSLs, CSSL14 had the highest RGR at zero to seven days after salt stress, which was similar to the RGRs of 'KDML105' and 'Pokkali'. IR29 had the lowest RGR during this period. At 7-14 days after salt stress, 'Pokkali' had the significantly highest RGR, and among the CSSLs, CSSL18 had the highest RGR, which was significantly higher than the RGR of 'KDML105' during this period ( Figure 3C ). CSSL22 and DH212 had negative RGRs at 7-14 days after salt stress, suggesting abscission of leaf tissues had occurred.
Overall, CSSL18 showed the best salt-tolerant phenotype among the CSSLs. Therefore, we selected CSSL18 for comparison with 'KDML105' in the transcriptome analysis.
To prepare the leaf tissues for the transcriptomic study, CSSL18, 'KDML105', and 'Pokkali' rice seedlings were grown for 21 days and subjected to salt stress by adding 75 mM NaCl into the nutrient solution. The salt injury score (SIS) was collected daily for 6 days after salt stress. The control set had an SIS of one, suggesting the growing system was proper. The SIS of 'KDML105' was higher than the SIS of the other two lines after 2 days of salt stress, and was the significantly highest SIS after 6 days under salt stress ( Figure 4 ). Therefore, we collected leaf tissues of CSSL18 and 'KDML105' after salt stress treatment for zero and two days for transcriptome analysis to investigate early changes in gene expression that may affect the salt-tolerant phenotype of CSSL18. Among the DEGs, 480 genes in both lines matched the criterion of having a log2 fold change >1 or <−1; 201 genes were upregulated and 279 genes were downregulated (Table S3 ). The number of genes that were differentially expressed only in 'KDML105' or CSSL18 are shown in Figure 5 and are listed in Tables S4 and S5, respectively. 
GO Enrichment Analysis of the Significant DEGs Reveals Different Mechanisms Involved in Salt Stress Responses between 'KDML105' and CSSL18
Both upregulated and downregulated DEGs in 'KDML10' and CSSL18 were subjected to a GO enrichment analysis using the BiNGO plug-in (version 3.0.3) [12] on the Cytoscape platform (version 3.4.0; httpp://www.cytoscape.org/). Two of the main GO categories were selected, biological process and molecular function, to investigate differences in the mechanisms involved in the salt stress responses of 'KDML105' and CSSL18 at the early stage of stress.
Under the biological process, three main terms were found for the DEGs in both 'KDML105' and CSSL18, namely, localization, signaling, and the cellular process. The metabolic process was found only for 'KDML105' DEGs, and the protein metabolic process and molecular metabolic process were the main terms found under the cellular process for 'KDML105' DEGs. The microtubule process was the only enriched term found under the cellular process for the CSSL18 DEGs, and this term was not enriched for 'KDML105' DEGs ( Figure 6 ).
Under localization, organic transport, carboxylic transport, and amine and amino acid transport were enriched for the DEGs in both 'KDML105' and CSSL18, whereas peptide and oligopeptide transport was significantly enriched only for 'KDML105' DEGs ( Figure 6 ).
Interestingly, under signaling, the enriched terms for the DEGs in both lines were similar, except the two-component signal transduction system term was found only for CSSL18 DEGs ( Figure 6B ). Clean cDNA reads from the 'KDML105' transcriptome were mapped onto the rice reference genome [17] . They identified 27,610 loci. After two days of salt stress, 1167 genes were significantly differentially expressed compared with their expression at zero days; 584 genes were upregulated and 583 genes were downregulated (Table S1) .
The clean reads from the CSSL18 transcriptome mapped to 28,064 loci on the rice reference genome. After two days of salt stress, 920 genes were significantly differentially expressed compared with their expression at zero days; 473 genes were upregulated and 447 genes were downregulated (Table S2) .
Among the DEGs, 480 genes in both lines matched the criterion of having a log2 fold change >1 or <−1; 201 genes were upregulated and 279 genes were downregulated (Table S3 ). The number of genes that were differentially expressed only in 'KDML105' or CSSL18 are shown in Figure 5 and are listed in Tables S4 and S5, Among the DEGs, 480 genes in both lines matched the criterion of having a log2 fold change >1 or <−1; 201 genes were upregulated and 279 genes were downregulated (Table S3 ). The number of genes that were differentially expressed only in 'KDML105' or CSSL18 are shown in Figure 5 and are listed in Tables S4 and S5, respectively. 
Under the biological process, three main terms were found for the DEGs in both 'KDML105' and CSSL18, namely, localization, signaling, and the cellular process. The metabolic process was found only for 'KDML105' DEGs, and the protein metabolic process and molecular metabolic process were the main terms found under the cellular process for 'KDML105' DEGs. The microtubule process was 
Both upregulated and downregulated DEGs in 'KDML10' and CSSL18 were subjected to a GO enrichment analysis using the BiNGO plug-in (version 3.0.3) [12] on the Cytoscape platform (version 3.4.0; http://www.cytoscape.org/). Two of the main GO categories were selected, biological process and molecular function, to investigate differences in the mechanisms involved in the salt stress responses of 'KDML105' and CSSL18 at the early stage of stress.
Under the biological process, three main terms were found for the DEGs in both 'KDML105' and CSSL18, namely, localization, signaling, and the cellular process. The metabolic process was found only for 'KDML105' DEGs, and the protein metabolic process and molecular metabolic process were the main terms found under the cellular process for 'KDML105' DEGs. The microtubule process was the only enriched term found under the cellular process for the CSSL18 DEGs, and this term was not enriched for 'KDML105' DEGs ( Figure 6 ). transport activity were significantly enriched only for CSSL18 DEGs, including LOC_Os01g42740 and LOC_Os04g43070, both of which encode an ammonium transporter protein. Under catalytic activity, ligase activity was the most enriched term for 'KDML105' DEGs ( Figure 7A ), whereas phosphotransferase activity and protein histidine kinase activity were enriched for CSSL18 DEGs. Two-component sensor activity ( Figure 7B ), which is related to molecular transducer activity, was enriched only in CSSL18 DEGs.
Based on the enriched terms under the two main GO categories, we focused on two genes, LOC_Os04g23890 and LOC_Os07g44330, annotated as being involved in the two-component signaling system, which may contribute to the differences in the salt stress response between 'KDML105' and CSSL18. These genes were predicted to encode an ACG kinase and kinase protein, respectively. Information from the Rice Genome Annotation Project [17] indicates orthologous genes of LOC_Os04g23890 encode phototropin 2 (PHOT2) and orthologous genes of LOC_Os07g44330 encode pyruvate dehydrogenase kinase (PDK). Under localization, organic transport, carboxylic transport, and amine and amino acid transport were enriched for the DEGs in both 'KDML105' and CSSL18, whereas peptide and oligopeptide transport was significantly enriched only for 'KDML105' DEGs ( Figure 6 ).
Interestingly, under signaling, the enriched terms for the DEGs in both lines were similar, except the two-component signal transduction system term was found only for CSSL18 DEGs (Figure 6B ). Signaling processes are one of the early responses in plants facing stress, so the DEGs enriched in these terms may contribute to the salt stress response and salt tolerance ability of these lines.
Under the molecular function, transport activity was enriched in both lines (Figure 7) , which is consistent with the enrichment of transport terms found under the biological process ( Figure 6 ). Interestingly, the organic cation transmembrane transport activity and ammonium transmembrane transport activity were significantly enriched only for CSSL18 DEGs, including LOC_Os01g42740 and LOC_Os04g43070, both of which encode an ammonium transporter protein. Under catalytic activity, ligase activity was the most enriched term for 'KDML105' DEGs ( Figure 7A ), whereas phosphotransferase activity and protein histidine kinase activity were enriched for CSSL18 DEGs. Two-component sensor activity ( Figure 7B ), which is related to molecular transducer activity, was enriched only in CSSL18 DEGs. 
Differential Expression of LOC_Os04g23890 and LOC_Os07g44330 in Rice
We performed quantitative RT-PCRs to confirm the expression levels of LOC_Os04g23890 (OsPHOT2) and LOC_Os07g44330 (OsPDK) in 'KDML105' and CSSL18. The gene expression levels were compared using a reference expression in 'KDML105' under normal growth conditions. We found that OsPHOT2 expression in 'KDML105' was not affected by salt stress (Figure 8A) , while OsPHOT2 was induced in CSSL18 after two days of salt stress ( Figure 8B ). This was consistent with RNAseq data (Table S5) .
For OsPDK, gene expression tended to increase in 'KDML105' after four days of salt stress ( Figure  8C ), but for CSSL 18, the salt-treated seedlings showed a similar level to the ones grown in the normal condition ( Figure 8D ). However, this gene tended to be induced in CSSL18 after two days of salt Based on the enriched terms under the two main GO categories, we focused on two genes, LOC_Os04g23890 and LOC_Os07g44330, annotated as being involved in the two-component signaling system, which may contribute to the differences in the salt stress response between 'KDML105' and CSSL18. These genes were predicted to encode an ACG kinase and kinase protein, respectively. Information from the Rice Genome Annotation Project [17] indicates orthologous genes of LOC_Os04g23890 encode phototropin 2 (PHOT2) and orthologous genes of LOC_Os07g44330 encode pyruvate dehydrogenase kinase (PDK).
We performed quantitative RT-PCRs to confirm the expression levels of LOC_Os04g23890 (OsPHOT2) and LOC_Os07g44330 (OsPDK) in 'KDML105' and CSSL18. The gene expression levels were compared using a reference expression in 'KDML105' under normal growth conditions. We found that OsPHOT2 expression in 'KDML105' was not affected by salt stress (Figure 8A) , while OsPHOT2 was induced in CSSL18 after two days of salt stress ( Figure 8B ). This was consistent with RNAseq data (Table S5) . 
Identification of transcription factors using MapMan analysis
To identify salt tolerance involving transcription factors, transcriptomic data between 'KDML105' and CSSL18 at two days after salt stress were analyzed. All the DEGs were then mapped against the Oryza sativa Japonica group "Osa_MSU_v7.m02" database in MapMan. A regulation overview based on transcription factors, receptor kinases, phosphoinositides, and calcium regulation revealed 34 genes that were enriched in this analysis (Table S6) . Interestingly, seven genes located on the introgress region on chromosome 1 were enriched ( Table 1) . Two of them, LOC_Os01g72370 and LOC_Os01g72530, were selected for further characterization using the ortholog Arabidopsis mutant lines. For OsPDK, gene expression tended to increase in 'KDML105' after four days of salt stress ( Figure 8C ), but for CSSL 18, the salt-treated seedlings showed a similar level to the ones grown in the normal condition ( Figure 8D ). However, this gene tended to be induced in CSSL18 after two days of salt stress. This pattern of response was different from the RNASeq data, in which a slightly higher induction was found in 'KDML105' than in CSSL18 after two days of salt stress (Table S3 ).
To identify salt tolerance involving transcription factors, transcriptomic data between 'KDML105' and CSSL18 at two days after salt stress were analyzed. All the DEGs were then mapped against the Oryza sativa Japonica group "Osa_MSU_v7.m02" database in MapMan. A regulation overview based on transcription factors, receptor kinases, phosphoinositides, and calcium regulation revealed 34 genes that were enriched in this analysis (Table S6) . Interestingly, seven genes located on the introgress region on chromosome 1 were enriched ( Table 1) . Two of them, LOC_Os01g72370 and LOC_Os01g72530, were selected for further characterization using the ortholog Arabidopsis mutant lines. 
Physiological Trait Analysis in Arabidopsis Mutant Lines
In the normal growth condition, both mutant lines were slightly smaller than the wild type (WT), but the fresh weight ( Figure 9A ) and dry weight ( Figure 9C ) of all lines were not significantly different. However, under the salt stress condition, the fresh weight and dry weight of all lines were decreased and resulted in the fresh weight and dry weight of the mutant lines being significantly lower than those of the WT (Figure 9B,C) . RGR of all lines were similar when grown in the normal condition ( Figure 9E ). Under salt stress, both mutants had a lower RGR than the WT ( Figure 9F ).
Further investigation was performed with the measurement of PSII maximum efficiency (F v /F m ) ( Figure 9G ,H) and P i (Figure 9I ,J) because the reduction of the growth rate may have resulted in an impaired photosynthesis apparatus due to salt stress. All plants under the normal condition had a F v /F m value range of 0.81-0.84, indicating appropriate plant growth ( Figure 9G ). Under salt stress for seven days, both the WT and at2g1240 maintained F v /F m ( Figure 9H ) and P i ( Figure 9I ). Only the at1g76640 mutant had a significantly lower F v /F m and P i , suggesting the higher PSII sensitivity to salt stress of this mutant line.
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Discussion
Salt Tolerance Performance of the Four CSSLs
A number of CSSLs with different segments of chromosome 1 of DH212 in the 'KDML105' background were evaluated for their salt tolerance. CSSL18, which contains the full segment in the salt-tolerant QTL region from chromosome 1, had the best salt tolerance phenotype; that is, higher leaf water potential, root fresh weight, and higher RGR (7-14 day after stress) than the other CSSLs tested. CSSL11, which also contains the full segment of this QTL region based on simple sequence repeat (SSR) markers, did not show a similar phenotype. This suggested that other regions in the genome also contributed to the salt stress response. However, it cannot be ruled out that the SSR markers did not cover every locus in the salt tolerant QTL region reported by [5] .
CSSL14 had the second best salt stress phenotype and CSSL22 had the worst salt stress phenotype. According to the SSR mapping of these two lines, the region between RM3468 and RM3362 may contain important loci for salt tolerance, whereas the region between RM3285 and RM3498 may not. However, a line like CSSL18 that contains the full segment may perform better under salt stress, although it is possible that important loci in regions that were not mapped with the SSR markers could exist in CSSL18.
Transcriptome Analysis for Salt Responses Reveals Salt Tolerance Candidate Genes
Significantly, DEGs between 'KDML105' and CSSL18 were found on all chromosomes, supporting the idea that multiple gene regulation and various mechanisms are required for salt stress responses [18, 19] .
In this study, we showed that gene enrichment analysis helps to determine the mechanism involved and to detect candidate genes for salt tolerance, similar to what was shown in other studies [20, 21] . The GO enrichment analysis revealed that the term "microtubule-based process" was significantly enriched only in CSSL18. In Arabidopsis, the rapid depolymerization of microtubules and the formation of new microtubule networks contribute to survival under salt stress [22] . Moreover, OsDREPP2, a Ca 2+ binding protein that also binds to microtubules, was shown to disappear after salt stress and then recover in 'Pokkali' rice, the salt-tolerant cultivar, but it did not recover in IR29, the salt-susceptible cultivar [23] . These data suggest that a microtubule-based process may contribute to CSSL18 salt stress adaptation.
The GO enrichment analysis revealed signal transduction differences in 'KDML105' and CSSL18, and two loci, LOC_Os04g23890, encoding an ACG kinase, and LOC_Os07g44330, encoding PDK, were detected. These two loci are not located in the salt-tolerant QTL region on chromosome 1. However, it may be that the expression of these two loci is regulated epistatically by genes in the QTL region, but that the expression, mechanism of action, or genetic nature of these regulatory loci prevents their detection.
The orthologous gene of LOC_Os04g23890 in Arabidopsis encodes phototropin 2, which acts as a signal transducer in the phototropic response and in the stomatal opening [24] . It also mediates the transient increase of cytosolic Ca 2+ in leaves [25] . Proteomic analysis of Physcomitrella patens under salt stress showed that phototropin was one of the signaling proteins that might regulate plasma membrane H + ATPase and maintain ion homeostasis during salt stress [26] . The expression of rice phototropin 2 (OsPHOT2) was shown to be induced by white, blue, red, and far-red light [27] . Phototropin was also shown to be involved in chloroplast movement and was required for chloroplast gene expression [28] . While there is no published evidence of the involvement of OsPHOT in the salt stress response, our results suggest that OsPHOT2 may contribute to the salt-tolerant phenotype of CSSL18. We found that OsPHOT2 expression was maintained under salt stress, implying a role of OsPHOT2 in ion homeostasis, similar to what was found in Physcomitrella patens.
PDK regulates the activity of pyruvate dehydrogenase, which catalyzes the conversion of pyruvate to acetyl-CoA. Upregulation of pyruvate dehydrogenase activity leads to enhancement of the energy producing pathway. PDK regulates pyruvate dehydrogenase by phosphorylating the E1 subunit in the pyruvate dehydrogenase complex and leads to the inhibition of pyruvate dehydrogenase activity [29, 30] . We found that PDK was upregulated in 'KDML105' but showed no response to salt stress in CSSL18 when compared with the controls grown under normal conditions. This implies that pyruvate dehydrogenase activity was inhibited more in 'KDML105' than in CSSL18, leading to downregulation of the energy producing pathway, and indicates higher energy productivity in CSSL18 than in 'KDML105'.
Enhancement of energy production was suggested to be important in salt tolerance mechanisms. For example, comparison of the rice root proteomes of salt-tolerant and salt-susceptible cultivars showed that proteins that function in the energy producing pathway were more abundant in the salt-tolerant cultivar [31] . In cucumber treated with exogenous putrescine, increased activity of the energy producing pathway was proposed to be the mechanism used to defend against salt injury, leading to salt tolerance [32] . In our study, salt stress induced higher expression of PDK in 'KDML105', but not in CSSL18. This indicates that CSSL18 had enhanced energy production compared with 'KDML105', leading to its better salt-tolerant phenotype.
Regulation Overview in MapMan Revealed Crucial Elements of the Signaling Pathway for Salt Stress Response in CSSL18
MapMan is a tool that permits high-throughput visualization of omics data by using a hierarchical BIN-based ontology system [33] . This study revealed that seven genes located on the introgress region on chromosome 1 were enriched. Some were reported to be involved in abiotic stress responses. Therefore, we selected two genes for characterization of the role in salt stress by using the Arabidopsis mutants that contained an insertion at the gene orthologous to the gene of interest in rice. These two genes were OsIRO2 (iron-related transcription factor 2, LOC_OS01g72370) and OsMSR2 (multi-stress-responsive gene 2, LOC_Os01g72530).
OsIRO2 encodes the bHLH transcription factor responsible for regulation of the genes involved in iron homeostasis in rice and growth and yield improvement in calcareous soil [34] . The orthologous gene of OsIRO2 in Arabidopsis is At2g41240, which encodes basic helix-loop-helix 100 (bHLH100). It was found to respond to selenium stress in Arabidopsis [35] . Moreover, the at2g41240 mutant also exhibited increased hypocotyl elongation relative to the WT under a short day length condition. Recent studies revealed that At2g41240 was proposed to be expressed under drought stress [36] . In our study, the at2g41240 mutant showed growth inhibition under salt stress. This implied that At2g41240 plays a role in the salt stress response.
OsMSR2 (multi-stress-responsive gene 2, LOC_Os01g72530) is another gene that was reported to be involved in abiotic stress response. It modulated salt and drought tolerance in Arabidopsis through ABA-mediated pathways and increased ABA sensitivity in Arabidopsis [37] . Its orthologous gene in Arabidopsis is At1g76640, encoding calmodulin like 39 (CML39) related to CML38, which is a tandem gene with 76% amino acid sequence identity. Lokdarshi et al. [38] studied the transcriptional levels of CML38 and CML39 in Arabidopsis seedlings under oxygen deficiency stress. They reported that CML38 showed an abundance of transcript levels over 300-fold in roots and approximately 100-fold in the shoots, at 6 hours after stress. However, CML39 showed only a minor (five-fold) increase, indicating that CML39 is less important under oxygen deficiency stress. Midhat et al. [39] reported that CML39 was essential in various processes of development, from seeds to mature Arabidopsis plants, and acted as a stress-induced gene, which highlighted the importance of calcium signaling in plant development. In this study, the mutation on At1g76640 not only resulted in growth inhibition under stress, but also decreased PSII maximum efficiency during salt stress. Chlorophyll fluorescence (F v /F m ) has been used as an indicator of plant stress. Normally, an F v /F m value range of 0.79 to 0.84 is the optimal value for many plant species and lower values represent plant stress [40, 41] . The photosynthetic performance index (P i ) is the product of an antenna, reaction center, and electron transport dependent parameter [42] . P i is a very sensitive parameter in different crops and in stress conditions [42, 43] . Moreover, Van Heerden et al. [44] observed a very good positive correlation between CO 2 assimilation capacity and P i values under water stress. In our study, the P i maintenance ability in the at11g76640 mutant declined after seven days of salt stress, indicating that plants were unable to control light harvest and photosynthetic capacities under salt stress. This suggested that this gene has a role in photosynthesis adaptation during salt stress.
Conclusions
We compared chromosome segment substitution lines (CSSLs) with the 'KDML105' genetic background for their salt tolerance and found that CSSL18 had the highest salt tolerance among the CSSLs tested. Comparison of the transcriptome pathways of CSSL18 and 'KDML105'revealed OsPHOT2 and OsPDK as candidate genes involved in the salt tolerance mechanism. Quantitative RT-PCR validation supported the role of these two genes in salt tolerance mechanisms. Moreover, the enrichment of two genes encoding the transcription factors and signaling proteins in the QTL of chromosome 1, OsIRO2 and OsMSR2, showed the potential to be involved in salt stress response, especially, OsMSR2 or OsCML31, whose orthologous genes in Arabidopsis had the potential role in photosynthesis adaptation under salt stress.
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